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(57) ABSTRACT 

A fuel cell device has a fuel cell unit including at least two 
fuel cell elements which arc coupled with one another in a 
way selected from the group consisting of a series coupling, 
a parallel coupling, and both, for conversion of chemical 
energy into an electrical energy, and an electronic control 
unit for controlling individual fuel cell elements of the fuel 
cell unit. 
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FUEL CELL DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to fuel cell devices. 

[0002] More particularly, it relates to a fuel cell unit which 
has at least two fuel cell elements coupled with one another 
in series or in parallel, for converting chemical energy into 
electrical energy. 

[0003] Fuel cell technology becomes even more important 
in connection with future vehicle concepts. Fuel cells pro- 
vide the possibility of direct conversion of chemically bound 
energy directly into electrical energy, which subsequently 
can be transformed into a mechanical drive energy by means 
of an electric motor. In addition, the electrical energy of the 
fuel cell can be used in some cases for supply of various 
consumers both for mobile as well as for stationary appli- 

[0004] In many cases hydrogen-enriched fuel can be gen- 
erated for fuel cell unit from hydrocarbons, such as natural 
gas, gasoline, diesel or the like. For this purpose a corre- 
sponding conversion unit for converting hydrocarbon-con- 
taining material mixtures into a hydrogen-enriched fluid arc 
utilized. Various methods can be used, for example the 
autothermic reforming, steam reforming, partial oxidation 
and the like. 

[0005] A fuel cell unit is generally an electric and/or 
electronic circuit or coupling of several individual cells. In 
addition to the electrical circuit, a fuel cell unit includes also 
a structure which serves for the supply of the electrodes with 
starting materials and the transportation of the products. 
Fuel cell devices also include, in addition to the fuel cell 
unit, corresponding peripheral components, such as for 
example for gas supply and gas withdrawal, for heat man- 
agement and for regulation or control. 

[0006] In practice various identifications are used both for 
the fuel cell units as well as for individual fuel cells. In the 
subsequent description the term "fuel cell unit" will be used 
to include (total-) fuel cell stack or fuel cell pack, and the 
term "fuel cell clement" will be used for individual (partial) 
fuel cells park or partial stack. What is important is that the 
fuel cell unit deals with a series and/or a parallel circuitry or 
coupling of individual fuel cell elements in the sense of the 
present invention. 

[0007] When the fuel cell devices are used in vehicles, 
they deal with a great load spread from an idle running to a 
maximal load as well as numerous load interactions. In 
general the fuel cell devices, in particular the fuel cell units 
including the peripheral component, arc designed for maxi- 
mum required power. Fuel cell units in condition of rela- 
tively small loads have a higher efficiency than in condition 
of maximum loads. To the contrary, the total fuel cell device 
based on the periphery in the lowermost capacity region has 
a lower efficiency than in a small and average capacity 

[0008] For example, when the drive motor does not work, 
for supplying the electrical system components with current 
or for vehicle air conditioning only relatively low powers, 
for example in the region of 0-5 kWmust be made available 
from the fuel cell device. To the contrary, for providing the 



drive energy of the electric motor the power within the 
region of up to 70 kW and more is required. 
[0009] In drive systems, the fuel cell devices in general 
operate with increased pressure of up to 3 bar, to increase the 
specific power of the system and to maintain the component 
dimensions as small as possible. The components which 
produce this pressure frequently have a very low efficiency 
for the mass current required in the partial load. This 
significantly increases the total system efficiency primarily 
in the power class which is relevant for the supply of the 
electrical system. 

[0010] Moreover, the total system efficiency in the partial 
load region additionally reduces because of the cooling 
circuit of the system. 

[0011] The relatively low current speeds in the partial load 
region present are a disadvantage since thereby the delay 
time during load changes is high and based on this the 
dynamic condition of the total system or the fuel cell device 
is significantly worsened. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, it is an object of the present invention 
to provide a fuel cell device, which eliminates the disad- 
vantages of the prior art. 

[0013] More particularly, it is an object of the present 
invention to provide a fuel cell device, wherein a fuel cell 
unit has al least two fuel cell elements coupled in series 
and/or parallel, for converting chemical energy into electri- 
cal energy and an electronic control unit for controlling the 
fuel cell device, which provides a higher total efficiency and 
a good dynamic behavior when compared with the prior art 
devices. 

[0014] In keeping with these objects and with others 
which will become apparent hereinafter, one feature of the 
present invention resides, briefly staled, in a fuel cell device 
which has a fuel cell unit including at least two fuel cell 
elements which are coupled with one another in a way 
selected from the group consisting of a series coupling, a 
parallel coupling, and both, for conversion of chemical 
energy into an electrical energy; and an electronic control 
unit lor controlling individual fuel cell elements of said fuel 
cell unit. 

[0015] In the fuel cell device in accordance with the 
present invention, the control unit is formed for controlling 
individual fuel cell components. When the control unit is 
formed in accordance with the present invention, an adap- 
tation to different partial load operation modes of the total 
fuel cell device can be realized with an increased total 
efficiency when compared with the prior art. Correspond- 
ingly the fuel cell device can be advantageously operated in 
accordance with the present invention during idle running 
stand-by-operation, emergency operation, lower power 
region, etc. 

[0016] Preferably, at least one adjusting element is pro- 
vided for controlling material streams of individual fuel cell 
elements. In an advantageous manner the adjusting element 
is associated with two fuel cell elements. It is possible that 
each adjusting element is provided for controlling an indi- 
vidual material stream such as a reduction means or an 
oxidation means per fuel cell unit. In general, at least two 
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adjusting elements can be provided for the reduction means 
as well as for the oxidation means, and in some cases at least 
one third ad|ustmg element can be provided for cooling 
means for a corresponding individual fuel cell element. 
Thereby both the anode gas and the cathode gas and the 
cooling medium are controllable substantially independently 
from one another. 

[0017] In accordance with a preferable embodiment of the 
invention the adjusting element is formed as a control valve, 
a throttle valve, or the like. It is thereby possible to use 
available, conventional standard components in the present 
invention, so as to provide a particularly favorable embodi- 
ment of the invention. 

[0018] In accordance with a special further embodiment of 
the present invention, al least two fuel cell elements are 
provided with significantly different, maximum electrical 
powers. The significantly different fuel cell elements in 
advantageous manner can be used in different partial load 
conditions individually or in combination with one another. 
This allows in an advantageous manner to provide a rela- 
tively fine stepped control or operational mode of the fuel 
cell unit. 

[0019] In some cases, the difference of the individual fuel 
cell elements can constitute at least 5%, 10%, 20% or more 
with respect to the maximum power. It is possible that the 
fuel cell components, because of manufacturing tolerances 
and/or corresponding selection, can have significantly dif- 
ferent maximum electrical powers. Thereby, the fuel cell 
elements can be produced advantageously with greater tol- 
erances, whereby they can be produced especially effi- 

[0020] Preferably, the "worse" fuel cell elements or fuel 
cell elements with lower power when compared with the 
"good" fuel cell elements with the higher power can be 
operated more seldom, so that the service life of the total fuel 
cell unit is increased in advantageous manner. This means 
that the "good" fuel cell elements are additionally operated 
both in the partial load region as well as the full load region, 
while the "worse" fuel cell elements arc operated addition- 
ally in the fuel load region. This is particularly advantageous 
since over the whole service life the "worse" fuel cell 
elements in general are operated with less operational hours 
than the "good" fuel cell elements. 

[0021] Advantageously, at least two fuel cell elements 
with different catalytic coatings are provided. For example, 
the different catalytic coatings can be composed of different 
materials or material compositions or alloys. Thereby with 
advantageous selection of the materials or material compo- 
sitions, individual fuel cells can be designed for different 
requirements and properties or operational conditions. In 
accordance with the present invention the individual, dif- 
ferent fuel cell elements can be controlled individually by 
means of the preferable control units. 

[0022] In accordance with a further special embodiment of 
the present invention, the different fuel cell elements can 
have at least different quantities of the catalytic coatings. For 
example, different charging of the catalytic coating can be 
provided. By means of the different quantities of the cata- 
lytic coatings, an adaptation to different loads or operational 
conditions and/or an advantageous influence of the service 
life the individual fuel cell components can be realized. 



Correspondingly, fuel cell elements which are operated 
relatively frequently can be provided with a relatively great 
quantity or charge of the catalytically, active coating. To the 
contrary, individual fuel cell components which are operated 
relatively seldom, or in other words over a relatively short 
time, have relatively smaller quantities or charges of the 
catalytically active coalings These fuel cell elements can be 
produced in an especially favorable manner. 

[0023] In accordance with a further special embodiment of 
the present invention, al least one pressure generation unit 
for generation of at least two different working pressures is 
available. For example, at least in partial load operation, idle 
running operation, stand-by operation and the like, by means 
of the inventive pressure generating unit a relatively lower 
pressure of the operation material stream or individual 
operation material streams, and in a full load region a 
relatively higher pressure of the operation material streams 
is produced by means of the pressure generating unit. 
Thereby in an advantageous manner an adaptation of spe- 
cific power of the system to the requirements of the different 
operational conditions is performed. Preferably, the pressure 
generation unit includes at least one high pressure- and low 
pressure generating device whereby an advantageous adap- 
tation of the so-called parasitic loads of the total system can 
be realized. 

[0024] In the case of two separate, independent pressure 
generating unit there is a special advantage that each indi- 
vidual pressure generating component can be adapted in an 
optimal manner to the predetermined application region or 
load region. Thereby corresponding power losses or para- 
sitic loads are further reduced. For example, as a high 
pressure generating devices a compressor or the like can be 
utilized, which can generate for example the pressure of 
substantially 3 bar. As a low pressure generating device, for 
example a relatively simply constructed blower or the like 
can be provided. For this purpose the use of a relatively 
small-dimension secondary compressor is recommended 
with a relatively smaller pressure to be generated at a high 
efficiency. Preferably, with the low pressure generating 
device a further transportation of the operation material 
stream is effected without significant pressure increase rela- 
tive to the atmospheric pressure. 

[0025] In accordance with a further advantageous embodi- 
ment of the present invention, a current or heat guiding 
operational mode of the fuel cell device is provided. During 
the operation of the fuel cell unit for generation of the drive 
energy for an electric motor or for the supply of consumers, 
in particular a vehicle or for loading of a corresponding 
battery, a current supplying operational mode is provided. 
For this purpose the control or regulation is performed as a 
function of the current consumption of the total system. 

[0026] To the contrary, for a heat guiding operational 
mode, the control unit in accordance with the present 
invention performs a regulation or control as a function of 
the heat consumption of the total system. This operational 
mode is especially advantageous for healing of individual 
components and/or the interior space of a vehicle. In this 
case in particular a smallest possible fuel cell element, or in 
other words having relatively small maximum power, is 
controlled. The required electrical power can be taken from 
this small fuel cell element. Thereby the efficiency of the 
controlled fuel cell element is worsened when compared 
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with electrical current generation, which results in an 
increased, proportional heat production. Excessive electrical 
power can be either stored in a battery or converted through 
an electrical heater in an additional heat. 

[0027] Generally a fuel cell device in accordance with the 
present invention can be used as an electrical energy gen- 
eration device for producing the drive energy of a vehicle by 
means of an electric motor, and also in combination with an 
internal combustion engine, in particular gasoline or dicscl 
engine, as a so-called APU. In the last variant, the fuel cell 
device is provided substantially for power supply of indi- 
vidual components of the vehicle and also in the condition 
when the internal combustion engine is stopped and/or for 
supporting of the generator. For example, a fuel cell element 
in accordance with the present invention can be formed as a 
so-called PEM-, solid oxide (SOFC), melt carbonate 
(MCFC), phosphoric acid (PAFC), alkaline (AFC) or direct 
methanol-luel cell unit (DMFC). 

[0028] Basically, the control unit in accordance with the 
present invention, in addition to controlling of the cathode 
fluid or anode fluid, can be formed for controlling the 
cooling or the cooling medium circuit with a corresponding 
cooling means. The cooling means circuit in accordance 
with the present invention has a corresponding control 
element for controlling the cooling medium of the individual 
fuel cell elements. 

[0029] In an advantageous manner, the volumes of the fuel 
stream or operation material stream of the fuel cell unit are 
efficiently reduced by controlling of the individual fuel cell 
elements in accordance with the present invention. There- 
fore, generally an improved dynamic behavior of the whole 
system is obtained when compared with the prior art and first 
of all in a partial load region. 

[0030] The novel features which are considered as char- 
acteristic for the present invention are set forth in particular 
in the appended claims. The invention itself, however, both 
as to its construction and its method of operation, together 
with additional objects and advantages thereof, will be best 
understood from the following description of specific 
embodiments when read in connection with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 
[0031] FIG. 1 is a view showing a process flow chart of 
a fuel cell device in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
[0032] FIG. 1 is a view showing a flow diagram of the 
process used for a fuel supply of a fuel cell device. A fuel cell 
unit 1 includes a plurality of fuel cell elements 2. The fuel 
cell elements 2 or partial stacks are electrically connected or 
coupled with one another in series and/or in parallel, which 
connections are not illustrated in great detail. 

[0033] The individual fuel cell elements 2 are supplied 
with current in parallel with respect to an anode fluid 3 and 
a cathode fluid 4. As the anode fluid 3 frequently in modern 
systems a hydrogen-containing gas is utilized, and as the 
cathode fluid 4 for example air is utilized. 
[0034] A valve 5, formed for example as a pressure 
regulating valve, provides regulation or control of the supply 



of the anode gas or the anode fluid 3. In some cases the 
anode gas is produced by a not shown reformer or the link, 
on board of a vehicle and/or stored in a tank on board. 
Frequently the anode gas is loaded with a pressure, so that 
the valve 5 controls the opera ling pressure of the anode gas 
in dependence on the operational conditions. 
[0035] The cathode gas is for example supplied by a 
compressor 6 during a regular driving operation or full load 
region of the fuel cell unit I. In the partial region, stand- 
by-operation, and the like the cathode gas is supplied by a 
blower 7 of the fuel cell unit 1. For controlling the different 
operational conditions, an actuator 8 is provided. With the 
actuator, it is possible to convert the compressor operation to 
blower operation and vice versa. 

[0036] The blower operation is provided in particular 
when the vehicle is stopped or when the electric drive motor 
is turned off, which is delected by a corresponding sensor. 
The compressor 6 which is overdimensioned for the partial 
load region can be turned off, which significantly reduces the 
power consumption for transportation of the cathode gas. In 
general the blower 7 is designed in particular for the power 
requirements of substantially 2-5 kW, wherein a significant 
pressure build up is not necessarily required. 
[0037] In order to simplify the electrical energy manage- 
ment and the thermal management in a vehicle when the 
drive is stopped, when the system is in emergency mode, 
etc., in accordance with the present invention a part 2 of the 
fuel cell unit 1 can be supplied with operating materials 
(fuels) 3, 4. This is shown in FIG. 1 for example by blocking 
of the individual stack segments or fuel cell elements 2 with 
actuators 9, 10. Without illustrating details, a cooling 
medium circuit of the fuel cell units 1 in accordance with the 
present invention is formed so that the individual fuel cell 
elements 2 can be correspondingly controlled or cooled. For 
this purpose corresponding not shown actuators are pro- 

[0038] Generally, with the individual control of the fuel 
cell elements 2, a reduction of the output voltage of approxi- 
mately 41X1 V to for example 42 V or 14 V and also 
circulation of smaller quantities of cooling fluid is provided. 
Correspondingly, in an advantageous manner a reduction of 
the parasitic loads as well as an increase of the dynamic 
behavior of the total system is obtained. 
[0039] Basically, a combination of pressure lowering and 
turning on or blocking of stack partial segments 2 of the fuel 
cell unit 1 for ensuring a most efficient operation of the total 
system can be used both for fuel cell drive systems and for 
so-called APU systems. 

[0040] For example, (he low pressure operational mode or 
the uncoupling of a part 2 of the fuel cell unit 1 can be used 
in advantageous manner for starting of the fuel cell unit 1. 
For this purpose, with a corresponding, not shown heating 
unit, the individual fuel cell partial stack 2 can be heated 
relatively fast and with relatively low energy to operational 
temperature. First the fuel cell partial stack 2 which is 
brought into operation generates during the operation waste 
heat which is used in an especially elegant way for heating 
the other fuel cell elements 2. Thereby the additionally 
required heating energy is substantially reduced when com- 
pared with the prior art. 

[0041] FIG. 1 further shows a control device 11 which 
however for the purpose of clarity of the illustration is 
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connected with the actuators 8, 9 and 10 by a broken line. 
The broken line symbolizes the control or regulation of the 
actuators 8, 9, 10. Moreover, the control device in an 
advantageous manner can be used for control or regulation 
of further or all components of the fuel cell device or a 

[0042] It will be understood that each of the elements 
described above, or two or more together, may also find a 
useful application in other types of constructions differing 
from the types described above. 

[0043] While the invention has been illustrated and 
described as embodied in fuel cell device, it is not intended 
to be limited to the details shown, since various modifica- 
tions and structural changes may be made without departing 
in any way from the spirit of the present invention. 

[0044] Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can, by 
applying current knowledge, readily adapt it for various 
applications without omitting features that, from the stand- 
point of prior art, fairly constitute essential characteristics of 
the generic or specific aspects of this invention. 

What is claimed as new and desired to be protected by 
Letters Patent is set forth in the appended claims. 

1. A fuel cell device, comprising a fuel cell unit including 
at least two fuel cell elements which are coupled with one 
another in a way selected from the group consisting of a 
series coupling, a parallel coupling, and both, for conversion 
of chemical energy into an electrical energy; and an elec- 
tronic control unit for controlling individual fuel cell ele- 
ments of said fuel cell unit. 

2. A fuel cell device as defined in claim 1, wherein said 
electronic control unit includes at least one control element 
for controlling material streams of individual ones of said 
fuel cell elements. 

3. A fuel cell device as defined in claim 2, wherein said 
control element is arranged between two of said fuel cell 
elements. 

4. A fuel cell device as defined in claim 1, wherein said 
control element is formed as a control valve. 



5. A fuel cell device as defined in claim 1, wherein at least 
two of said fuel cell elements are provided with different, 
maximum electrical powers. 

6. Afuel cell device as defined in claim 1, wherein at least 
two of said fuel cell elements arc provided with different 
catalytic coatings. 

7. A fuel cell device as defined in claim 6, wherein said at 
least two fuel cell elements have at least different quantities 
of the catalytic coatings. 

8. A fuel cell device as defined in claim 1; and further 
comprising at least one pressure generating unit for gener- 
ating at least two different operational pressures. 

9. A fuel cell device as defined in claim 8, wherein said 
pressure generating unit includes a high pressure generating 
element and a low pressure generating element. 

10. A fuel cell device as defined in claim 1, wherein said 
fuel cell unit is formed so as to provide an operation for 
supplying current. 

11. A fuel cell device as defined in claim 1, wherein said 
fuel cell unit is formed so as to provide an operation for 
supplying heat. 

12. A vehicle, comprising a vehicle part; and a fuel cell 
device, said fuel cell device including a fuel cell unit having 
at least two fuel cell elements which are coupled with one 
another in a way selected from the group consisting of a 
scries coupling, a parallel coupling, and both, for conversion 
of chemical energy into an electrical energy; and an elec- 
tronic control unit for controlling individual fuel cell ele- 
ments of said fuel cell unit. 

13. A method of operating of a file] cell device, compris- 
ing the steps of providing a fuel cell unit having at least two 
fuel cell elements for conversion or the chemical energy into 
electrical energy; coupling said at least two fuel cell ele- 
ments by a connection selected from the group consisting of 
a serial connection, a parallel connection, and both; and 
controlling said fuel cell unit by an electronic control unit 
which controls individual ones of said fuel cell elements. 



